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DISPLAY DEVICE, PORTABLE ELECTRONIC DEVICE AND 
METHOD OF CONTROLLING DISPLAY DEVICE 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

5 The present invention relates to a display 

device, a portable electronic device and a method of 
controlling a display device, in particular to a 
back-light display device, a portable electronic 
device and a method of controlling a display device 
10 capable of developing a desired color for display. 

2 . Description of the Related Art 

A conventional red (R) , green (G) and blue (B) 
back-light display is disclosed in Japanese Patent 
Laid-open No. 7-281647. 

15 This conventional RGB back- light display 

intends to avoid degradation of image quality 
resulting from a color fringe or after-image. The 
color fringe or after-image, for example, may arise 
when red (R) and green (G) colors intermingle with 

20 each other by failing to smoothly switch to a green 
image from a red image on the same pixel . 

In this conventional RGB back- light display, 
color data written in advance in a memory and having 
a duration (for example 16 ms) equal to one frame 

25 are compressed so as to have a duration (for example 
2.6 ms) short of one frame duration and then the 



compressed data is transferred to individual pixel 
areas. Light sources corresponding with images 
conveyed by the compressed data are turned on in 
synchrony with the compressed data reading time (for 
example 2.6 ms) as the blanking time. The remaining 
hold time (for example 13.4 ms) is used as the 
effective illumination time for display. 

With this method, although an image depicted on 
the display device is turned off via a specified 
signal during the blanking time (2.6 ms) , the dot 
state of this image just turned off is still held 
during the holding time (that is, 13.4 ms) on the 
display with declination of its intensity by a 
memorizing activity of liquid crystal. In the next 
frame, when depiction of an image of a different 
color is required, the foregoing dot state of liquid 
crystal declines sufficiently to allow the smooth 
switching to the image of the different color. This 
enables the smooth and swift switching of multiple 
color images. Moreover, the intensity of the image 
brightness is not controlled in this conventional 
RGB back-light display. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present 
invention to provide a back-light display device, a 
portable electronic device and a method of 



controlling a display device capable of maintaining 
intensity of brightness regardless of a displayed 
color . 

In order to achieve the above object, a display 
device according to the present invention comprises 
a plurality of light emitters each of said light 
emitters emitting a light different in color from 
other of said light emitters, a power source for 
supplying power to the light emitters, and a 
controller for controlling a current flowing through 
at least one of the light emitters such that a sum 
of currents flowing through the light emitters is 
maintained at a predetermined value. 

In order to achieve the above object, a 
portable electronic device having a display device 
according to the present invention comprises a first 
light emitter for emitting a first color light, a 
second light emitter for emitting a second color 
light which is deferent from the first color light, 
a third light emitter for emitting a third color 
light which is deferent from the first color light 
and the second color light, whereby images of a 
forth color are adapted to be displayed in 
cooperation with the first light emitter and the 
second light emitter, a power source for supplying 
voltage to the first light emitter, the second light 



emitter and the third light emitter, a controller 
for controlling currents flowing through the first 
light emitter, the second light emitter and the 
third light emitter, respectively, whereby a sum of 
the currents flowing through the first light 
emitter, the second light emitter and the third 
light emitter is maintained at a predetermined 
current value . 

In order to achieve the above object, a method 
of controlling a display device according to the 
present invention comprises displaying an image on 
the display device, the image having a brightness, 
changing a color of the image displayed on the 
display device, and maintaining the brightness of 
the image at a predetermined value even if the color 
is changed. 

Another method of controlling a display device, 
the device having a plurality of light emitters, 
according to the present invention comprises 
controlling current flowing through each of the 
light emitters individually, whereby an image with a 
desired color is displayed according to a light 
emitted from the light emitters, and maintaining a 
sum of currents flowing through the light emitters 
at a predetermined current value, whereby 
maintaining a brightness of the image at a 



predetermined brightness. 

In order to achieve the above object, a method 
of controlling a portable electronic device, the 
device having a first light emitter for emitting a 
5 first color light, a second light emitter for 

emitting a second color light which is deferent from 
the first color light, a third light emitter for 
emitting a third color light which is deferent from 
the first color light and the second color light, 

10 whereby images with a forth color are adapted to be 
displayed in cooperation with the first light 
emitter and the second light emitter, a power source 
for supplying voltage to the first light emitter, 
the second light emitter and the third light 

15 emitter, a controller for individually controlling 
currents flowing through the first light emitter, 
the second light emitter and the third light emitter 
according to the present invention, comprises 
changing the forth color by controlling the current 

20 flowing through at least one of the first light 
emitter, the second light emitter and the third 
light emitter, and maintaining a sum of the currents 
flowing through the first light emitter, the second 
light emitter and the third light emitter at a 

25 predetermined current value. 

BRIEF DESCRIPTION OF THE DRAWINGS 



These and other objects, features and 
advantages of this invention will become more fully 
apparent from the following detailed description 
taken with the accompanying drawings in which: 

FIG. 1 is a circuit diagram of an embodiment of 
the related RGB back-light display device for the 
portable telephone. 

FIG. 2 is a circuit diagram of another 
embodiment of the related RGB back- light display 
device for the portable telephone. 

FIG. 3 is a circuit diagram of an embodiment of 
an RGB back-light display device for a portable 
electronic device according to the present 
invention . 

FIG. 4A is a timing chart showing control 
signals output from pulse width modulation circuits 
described in FIG. 3 when all light emitting diodes 
are activated. 

FIG. 4B is a timing chart showing control 
signals output from pulse width modulation circuits 
described in FIG. 3 when two light emitting diodes 
are activated and one light emitting diode is 
inactivated . 

FIG. 4C is a timing chart showing control 
signals output from pulse width modulation circuits 
described in FIG. 3 when one light emitting diode 



are activated and two light emitting diodes is 
inactivated . 

FIG. 5 is a circuit diagram showing another 
embodiment of an RGB back- light display device for a 
5 portable device according to the present invention. 
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Now, related back-light display devices will be 
described with respect to FIGS. 1 and 2, before 
preferred embodiments according to the present 
10 invention will be explained. The related back-light 
display devices are disclosed in Japanese Patent 
Laid-open No. 11-266295, which has been filed by the 
assignee of the present invention. The related 
back-light display devices are provided with a 
15 portable electronic device such as a portable 
telephone . 

Referring to FIG. 1, the related back-light 
display device has a red color light emitting diode 
(LED) 101, an LED driving transistor 108 to drive 

20 the red color LED 101, and a pulse width modulator 
circuit (PWM) 105 installed in a central processing 
unit (CPU) 104 to control the LED driving transistor 
108. Further, the device has a green color light 
emitting diode (LED) 102, an LED driving transistor 

25 109 to drive the green color LED 102, and a pulse 
width modulator circuit (PWM) 106 installed in the 



CPU 104 to control the LED driving transistor 109. 
The device includes a blue color light emitting 
diode (LED) 103, an LED driving transistor 110 to 
drive the blue color LED 103, and a pulse width 
modulator circuit (PWM) 107 installed in the CPU 104 
to control the LED driving transistor 110. 

In FIG. 1, the PWM 105 controls the LED driving 
transistor 108 to switch on the red color LED 101. 
The PWM 106 controls the LED driving transistor 109 
to switch on the green color LED 102. The PWM 107 
controls the LED driving transistor 110 to switch on 
the blue color LED 103. The red color, green color 
and blue color LEDs 101, 102 and 103 generate colors 
corresponding to three primary colors (RGB) , 
respectively . 

The PWM 105 is connected to the base terminal 
of the LED driving transistor 108. The PWM 106 is 
connected to the base terminal of the LED driving 
transistor 109. The PWM 107 is connected to the base 
terminal of the LED driving transistor 110. Then, 
it is possible to change average currents flowing 
through the red color, green color and blue color 
LEDs 101, 102 and 103 by means of the LED driving 
transistors 108, 109 and 110 respectively, by 
individually adjusting duty cycle or outputs from 
the PWMs 105, 106 and 107. 



Through this arrangement, the related back- 
light display device can control currents flowing 
through the red color, green color and blue color 
LEDs 101, 102 and 103, and thus choose any color 
5 according to the user's liking as a back- light color 
of the portable telephone. 

Next, another embodiment of the related back- 
light display device will be described with 
reference to FIG. 2. According to FIG. 2, the CPU 

10 2 04 achieves an ON/OFF control of an LED driving 
transistor 111 via output from an output port 129. 
Similarly, the CPU 2 04 executes an ON/OFF control 
of an LED driving transistor 112 via output from an 
output port 13 0, and an ON/OFF control of an LED 

15 driving transistor 113 via output from an output 
port 131. The CPU 204 switches on any one of the 
LED driving transistors 111, 112 and 113. Current 
restricting resistances 120, 121 and 122 are chosen 
in such a way that their resistance values R120, 

20 R121 and R122 are set R120 > R121 > R122 . When the 
CPU 204 turns on the LED driving transistor 111, the 
brightness of the red color LED 101 becomes the 
darkest state. When the CPU 204 switches on the LED 
driving transistor 113, the brightness of the red 

25 color LED 101 becomes the lightest state. When the 
CPU 204 turns on the LED driving transistor 112, the 



brightness of the red color LED 101 becomes an 
intermediate state between the above cases. 

Similarly, the CPU 204 achieves an ON/OFF 
control of an LED driving transistor 114 via output 
5 from an output port 132. The CPU 204 also executes 
an on/off control of an LED driving transistor 115 
via output from an output port 133, and an ON/OFF 
control of an LED driving transistor 116 via output 
from an output port 134. The CPU 204 switches on 

10 any one of the LED driving transistors 114, 115 and 
116. Current restricting resistances 123, 124 and 
125 are chosen in such a way that their resistance 
values R123, R124 and R125 are set R123 > R124 > 
R125. When the CPU 204 turns on the LED driving 

15 transistor 114, the brightness of the green color 

LED 102 becomes the darkest state. When the CPU 204 
switches on the LED driving transistor 115, the 
brightness of the green color LED 102 becomes the 
lightest state. When the CPU 204 turns on the LED 

20 driving transistor 116, the brightness of the green 
color LED 102 becomes an intermediate state between 
the above cases . 

The CPU 204 achieves an ON/OFF control of an 
LED driving transistor 117 via output from an output 

25 port 135. Similarly, the CPU 204 executes an 

ON/OFF control of an LED driving transistor 118 via 



output from an output port 136, and an ON/OFF 
control of an LED driving transistor 119 via output 
from an output port 137. The CPU 204 switches on 
any one of the LED driving transistors 117, 118 and 
5 119. Current restricting resistances 126, 127 and 
128 are chosen in such a way that their resistance 
values R126, R127 and R128 are set R126 > R127 > 
R128. When the CPU 204 turns on the LED driving 
transistor 116, the brightness of the blue color LED 

10 103 becomes the darkest state. When the CPU 204 
switches on the LED driving transistor 118, the 
brightness of the blue color LED 103 becomes the 
lightest state. When the CPU 2 04 turns on the LED 
driving transistor 119, the brightness of the blue 

15 color LED 103 becomes an intermediate state between 
the above cases . 

Through these operations, in this embodiment of 
the back-light display device, the brightness of the 
red color, green color and blue color LEDs 101, 102 

20 and 103 are appropriately controlled for selecting a 
desired back-light color of a portable telephone. 

Next, referring to the drawings, a preferred 
embodiment according to the present invention will 
be described in detail below. The present invention 

25 is capable of maintaining intensity of brightness 
regardless of a displayed color as well as 



displaying a desired color. 

A preferred embodiment of an RGB back- light 
display device for a portable electronic device such 
as a portable telephone according to the present 
5 invention is illustrated in FIG. 3. According to 
FIG. 3, current flowing through a red color light 
emitting diode (LED) 1 is controlled by a resistance 
(RI) 4. The LED 1 is driven by a field effect 
transistor (FET) switch 10. The FET switch 10 is 

10 controlled by a pulse width modulator (PWM) 7. 

Similarly, current flowing through a green color 
light emitting diode (LED) 2 is controlled by a 
resistance (R2) 5. The LED 2 is driven by a field 
effect transistor (FET) switch 11. The FET switch 

15 11 is controlled by a pulse width modulator (PWM) 8. 
Current flowing through a blue color light emitting 
diode (LED) 3 is controlled by a resistance (R3) 6. 
The LED 3 is driven by a field effect transistor 
(FET) switch 12. The FET switch 12 is controlled by 

20 a pulse width modulator (PWM) 9. A control section 
14 controls the timing of signals delivered by the 
PWMs 1 , 8 and 9 to switch the FETs 10, 11 and 12 
respectively. The duty cycle of rectangular waves 
of the signals generated from the PWMs 7, 8 and 9 is 

25 also controlled by the control section 14. A 

direct-current (DC) source 13 supplies power to the 
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LEDs 1 , 2 and 3 . 

The state under which all the LEDs 1, 2 and 3 
are turned off will be described with reference to 
FIG. 3. The PWM 7 delivers a control signal at a 
5 low level to the FET 10. In this case, the drain 
terminal of the FET 10 is open, and thus current 
from the DC source 13 will not flow through 
resistance 4 and the LED 1. It causes the LED 1 to 
be inactivated. Similarly, the PWM 8 delivers a 

10 control signal at a low level to the FET 11. In 

this case, the drain terminal of the FET 11 is open, 
and thus current from the DC source 13 will not flow 
through resistance 5 and the LED 2 . It causes the 
LED 2 to be inactivated. Further, the PWM 9 

15 delivers a control signal at a low level to the FET 
12. In this case, the drain terminal of the FET 12 
is open, and thus current from the DC source 13 will 
not flow through resistance 6 and the LED 3 . It 
causes the LED 3 to be inactivated. 

20 Next, the state under which the LEDs 1, 2 and 3 

are switched on will be described with reference to 
FIG. 3. The PWM 7 delivers a control signal at a 
high level to the FET 10. In this case, the drain 
terminal of the FET 10 is shunted, and thus current 

25 from the DC source 13 will flow through resistance 4 
and the LED 1. It causes the LED 1 to be activated. 



Similarly, the PWM 8 delivers a control signal at a 
high level to the FET 11. In this case, the drain 
terminal of the FET 11 is shunted, and thus current 
from the DC source 13 will flow through resistance 5 
5 and the LED 2. It causes the LED 2 to be activated. 
Further, the PWM 9 delivers a control signal at a 
high level to the FET 12. In this case, the drain 
terminal of the FET 12 is shunted, and thus current 
from the DC source 13 will flow through resistance 6 

10 and the LED 3. It causes the LED 3 to be activated. 
When the PWM 7 delivers the control signal at a high 
level to the FET 10, and if supply voltage of DC 
source 13 is represented by "E" , the right-direction 
voltage drop across the LED 1 is represented by 

15 "VI" , and the resistance value of resistance 4 is 
represented by "Rl" , current flowing thorough the 
LED 1, wherein it is represented by "IR" , is shown 
as the following equation (1) : 

IR = (E - VI) /Rl. . .Equation (1). 

20 When the PWM 8 delivers the control signal at a high 
level to the FET 11, and if supply voltage of DC 
source 13 is represented by "E" , the right -direct ion 
voltage drop across the LED 2 is represented by 
"V2", and the resistance value of resistance 5 is 

25 represented by "R2" , current flowing thorough the 
LED 2, wherein it is represented by "IG" , is shown 



as the following equation (2) : 

IG = (E - V2) /R2 .. .Equation (2). 
When the PWM 9 delivers the control signal at a high 
level to the FET 12, and if supply voltage of DC 
5 source 13 is represented by "E" , the right-direction 
voltage drop across the LED 3 is represented by 
"V3", and the resistance value of resistance 6 is 
represented by "R3", current flowing thorough the 
LED 3, wherein it is represented by "IB", is shown 
10 as the following equation (3) : 

IB = (E - V3) /R3 .. .Equation (3). 

If, in this embodiment, VI = V2 = V3 = VO 
(Equation (4)), or right -direct ion voltage drops 
across the LEDs 1, 2 and 3, respectively, are all 
15 equal to "VO", currents flowing through the LEDs 1, 
2 and 3 are shown based on equations (1) , (2) , (3) 
and (4) as follows: 

IR = (E - VO) /Rl .. .Equation (5) 

IG = (E - VO) /R2 .. .Equation (6) 
20 IB = (E - VO) /R3 .. .Equation (7). 

For rendering intensity of light emitted by the 
LEDs 1, 2 and 3 substantially equal (a constant 
value) , it is necessary to render values of the 
current following through the LEDs 1, 2 and 3 
25 substantially equal, or IR = IG = IB. If Rl = R2 = 
R3 = RO. (Equation (8)), wherein "RO" is a constant 



value, currents flowing through the LEDs 1, 2 and 3 
are shown based on equations (5) , (6) , (7) and (8) 
as follows: 

IR - (E - VO) /RO .. .Equation (9) 
5 IG = (E - VO) /RO .. .Equation (10) 

IB = (E - VO) /RO .. .Equation (11). 

Thus, the intensities of light emitted by the 
LEDs 1, 2 and 3 are substantially equal to each 
other . 

10 If the duty values of control signals delivered 

by the PWM 7, 8 and 9 are "a", "b" and "c" , 
respectively, the sum of average current "I" flowing 
through each LED is derived from Equations (9) , (10) 
and (11) as follows: 

15 I = IR X a + IG X b + IB X c 

=(a + b + c) X (E - VO) /RO .. .Equation (12). 
In this embodiment, the resistance values "'Rl" , 
"R2" and "R3", the right -direction voltage drop 
"VI", "V2" and "V3" and the duty values "a", "b" and 

20 "c" are set or controlled such that the sum of the 
average current "I" becomes a constant value, or 
maintained at a predetermined value. 

FIGS. 4A, 4B and 4C give time charts of control 
signals delivered by the PWMs 7, 8 and 9 to switch 

25 the FETs 10, 11 and 12, respectively. The control 

section 14 controls the PWMs 7, 8 and 9 according to 
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operation by a user for displaying color image 
desired by the user. 

FIG. 4A gives a timing chart of control signals 
delivered by respective PWMs 7, 8 and 9, when all 
5 the LEDs 1, 2 and 3 are activated. 

It is assumed here that the pulse periods of 
control signals delivered by the PWMs 7, 8 and 9 are 
equal to "T" , and every control signal has a pulse 
width of "T/3", or each duty value is equal to 33% 

10 of rectangular wave indicative of every control 

signal . It is further assumed that the rising time 
"t" of a pulse representing the control signal 
delivered by the PWM 7 is taken as reference (t = 
0) , the rising time "t" of a pulse representing the 

15 control signal from the PWM 8 is t = T/3, and the 
rising time "t" of a pulse representing the control 
signal from the PWM 9 is t = 2T/3 . Then, the sum of 
the average current "I" flowing through each LED is 
derived from Equation (12) as follows: 

20 I = (0.33 + 0.33 + 0.33) x (E - VO)/RO 

= (E - VO) /RO .. .Equation (A). 
FIG. 4B is a timing chart of the control 
signals delivered by the PWMs 7, 8 and 9 when two 
LEDs are activated. It is assumed here as an 

25 illustration that the LEDs 1 and 3 are activated 
while the LED 2 is. not activated, whereby images 



with deferent color from that in the case shown in 
FIG. 4A are displayed. 

It is further assumed here that the pulse 
periods of control signals delivered by the PWMs 7 
5 and 9 are equal to "T" , and each of the control 
signals delivered by the PWMs 7 and 9 has a pulse 
width of T/2, or each duty value of the control 
signals delivered by the PWMs 7 and 9 is equal to 
50% of a rectangular wave indicative of each control 

10 signal . It is still further assumed that the rising 
time "t" of a pulse representing the control signal 
delivered by the PWM 7 is taken as reference (t = 
0) , the rising time "'t" of a pulse representing the 
control signal from the PWM. 9 is t = T/2, and the 

15 control signal delivered by the PWM 8 always remains 
at a low level. Then, the sum of the average 
current "I" flowing through each LED is derived from 
Equation (12) as follows: 

I = (0.50 + 0.50) X (E - VO)/RO 

20 = (E - VO) /RO .. .Equation (B) . 

FIG. 4C gives a timing chart control signals 
delivered by the PWMs 7, 8 and 9 when a single LED 
is activated. It is assumed here as an illustration 
that the LED 1 is activated while the LEDs 2 and 3 

25 are not activated, whereby images with deferent 

color from that in the case shown in FIGS. 4A and 4B 



are displayed. 

It is further assumed here that the control 
signal delivered by the PWM 7 always remains at a 
high level. It is still further assumed that the 
5 control signals delivered by the PWMs 8 and 9 always 
remain at a low level. Then, the sum of the average 
currents flowing through each LED is derived from 
Equation (12) as follows: 

I = (1 + 0 + 0) X (E - VO) /RO 

10 = (E - VO) /RO. . .Equation (C) . 

As seen from above, the control section 14 
controls the PWMs 7, 8 and 9 so that they may 
deliver control signals at the timing as depicted in 
FIG. 4A, 4B and 4C to change color of images to be 

15 displayed. Then, the sum of the average current "I" 
flowing through each LED becomes constant as 
indicated in Equations (A) , (B) and (C) , and hence 
the intensity of brightness in any given display 
color can be maintained at constant. 

20 As described above, the back-light display 

device according to the present invention maintains 
a constant light intensity regardless of what color 
is displayed and the color presents high quality 
images suitable to a viewer. Further, even if the 

25 displayed color is changed according to operation by 
a user, its light intensity is maintained at a 



predetermined value. 

With reference to FIG. 5, another embodiment of 
an back-light display device for an electronic 
device such as a portable telephone according to the 
5 present invention will be discussed below. 

The back-light display device shown in FIG. 5 
is the same with that shown in FIG. 3 except that 
the DC power source 13 is replaced with a D/D 
converter 16 and a DC power source 15 for the D/D 
10 converter 16. 

Hence, the back-light display device provided 
by this embodiment includes an LED 1, a resistance 4 
to control current flowing through the LED 1 , an PET 

10 to drive the LED 1, and a PWM 7 to control the 
15 FET 10. Similarly, it has an LED 2, a resistance 5 

to control current flowing through the LED 2, a FET 

11 to drive the LED 2, a PWM 8 to control the FET 
11, an LED 3, a resistance 6 to control current 
flowing through the LED 3, a FET 12 to drive the LED 

20 3, and a control section 14 to control the timing of 
control signals delivered by the PWMs 7, 8 and 9 to 
the FETs 10, 11 and 12 and the duty values of 
rectangular waves. In addition, the back- light 
display device has the DC power source 15 to supply 

25 power to the LEDs 1, 2 and 3, and the D/D converter 
16 to control the power supplied to the LEDs 1, 2 



and 3 . 

In FIG. 5, the timing of control signals 
delivered by the PWM 7, 8 and 9 to the FETs 10, 11 
and 12 respectively is the same as shown in FIGS. 
5 4A, 4B and 4C. When a control signal from at least 
one of the PWMs 7, 8 and 9 is at a high level, 
control section 14 can deliver a control signal to 
the D/D converter 16 in order to raise output 
voltage "E" from the D/D converter 16. Then, the 

10 sum of the average current ''I" becomes larger than 

that shown in the Equation (12) and the intensity of 
brightness of a displayed color can be strengthened 
or brightened. 

Likewise, when a control signal from at least 

15 one of PWMs 7, 8 and 9 is at a high level, control 
section 14 can deliver a control signal to the D/D 
converter 16 in order to lower the output voltage 
"E" from the D/D converter 16. Then, the sum of the 
average current "I" becomes smaller than that shown 

20 in the Equation (12) , and the intensity of 

brightness of a displayed color is weakened or 
darkened . 

According to this embodiment, it is possible 
for the control section to control supply voltage 
25 from the DC power source 15 to the LEDs 1, 2 and 3, 
thereby to adjust the sum of the average current "I" 



flowing through each LED. Thus, the level of light 
intensities of displayed color is adjusted, keeping 
high quality images suitable to the viewer. 

The invention may be embodied in other specific 
5 forms without departing from the spirit or essential 
characteristics thereof. The present invention 
embodiments are therefore to be considered in all 
respects as illustrative and not restrictive, the 
scope of the invention being indicated by the 
10 appended claims rather than by the foregoing 

description and all changes which come within the 
meaning and range of equivalency of the claims are 
therefore intended to be embraced therein. 
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CLAIMS 

What is claimed is: 

1. A display device^ comprising: 

a plurality of light emitters, each of said 
5 light emitters emitting a light different in color 
from other of said light emitters ; 

a power source for supplying power to said 
light emitters; and 

a controller for controlling a current flowing 
10 through at least one of said light emitters such 
that a sum of currents flowing through said light 
emitters is maintained at a predetermined value. 

2. The display device as claimed in claim 1, 
wherein at least one of said light emitters is a 

15 light emission diode. 

3. The display device as claimed in claim 2, 
wherein said light emission diode emits one of red 
color light, green color light and blue color light. 

4. The display device as claimed in claim 1, 
20 wherein right -direct ion voltage drops across said 

light emitters are set to be substantially equal to 
each other whereby the sum of currents flowing 
through said light emitters is maintained at the 
predetermined value. 
25 5. The display device as claimed in claim 1, 

further comprising: 



a plurality of resistors, wherein said 
resistors are respectively disposed between said 
power source and said light emitters, and a 
resistance value of said resistors affects the 
5 current flowing through said light emitters. 

6. The display device as claimed in claim 5, 
wherein the resistance values of said resistors are 
set to be substantially equal to each other whereby 
the sum of currents flowing through said light 

10 emitters is maintained at the predetermined value. 

7. The display device as claimed in claim 1, 
wherein said controller controls the current flowing 
through said at least one of said light emitters, 
whereby the currents do not simultaneously flow 

15 through the plurality of said light emitters. 

8. The display device as claimed in claim 1, 
wherein said controller includes: 

a plurality of switches respectively connected 
to said light emitters, for individually controlling 
20 whether or not the currents are flowing through said 
light emitters connected thereto; and 

a plurality of control signal generators for 
respectively generating a control signal to said 
switches . 

25 9. The display device as claimed in claim 8, 

wherein one of said switches includes a field effect 
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transistor . 

10. The display device as 

claimed in claim 8, wherein said controller assigns 
duty values to said control signal generators. 
5 11. The display device as 

claimed in claim 10, wherein said control signal 
generators generate the control signals having pulse 
widths which are based on the duty values assigned 
by said controller. 
10 12 . The display device as 

claimed in claim 10, wherein a sum of the duty 
values assigned to said control signal generators is 
a constant . 

13 . The display device as 

15 claimed in claim 1, further comprising: 

a converter for adjusting the power supplied to 
said light emitters from said power source. 

14 . The display device as 
claimed in claim 13, wherein said converter 

20 increases the power supplied from said power source 
to increase a brightness of the light emitted from 
said light emitters. 

15 . The display device as 
claimed in claim 13, wherein said converter 

25 decreases the power supplied from said power source 
to decrease a brightness of the light emitted from 



said light emitters. 

16. A portable electronic device 
having a display device, said portable electronic 
device comprising: 

5 a first light emitter for emitting a first 

color light ; 

a second light emitter for emitting a second 
color light which is deferent from the first color 
light; 

10 a third light emitter for emitting a third 

color light which is deferent from the first color 
light and the second color light, whereby images of 
a forth color are adapted to be displayed in 
cooperation with said first light emitter and said 

15 second light emitter; 

a power source for supplying voltage to said 
first light emitter, said second light emitter and 
said third light emitter; 

a controller for controlling currents flowing 

20 through said first light emitter, said second light 
emitter and said third light emitter, respectively, 
whereby a sum of the currents flowing through said 
first light emitter, said second light emitter and 
said third light emitter is maintained at a 

25 predetermined current value. 

17. The portable electronic 



device as claimed in claim 16, wherein said first 
light emitter is a first light emission diode 
emitting a red color light, said second light 
emitter is a second light emission diode emitting a 
5 green color light, and said third light emitter is a 
third light emission diode emitting a blue color 
light . 

18. The portable electronic 

device as claimed in claim 16, wherein said 
10 controller comprises: 

a first control signal generator for generating 
a first control signal; 

a second control signal generator for 
generating a second control signal; 
15 a third control signal generator for generating 

a third control signal; 

a first switch for switching on said first 
light emitter based on the first control signal 
generated from said first control signal generator, 
20 thereby controlling the current flowing through said 
first light emitter; 

a second switch for switching on said second 
light emitter based on the second control signal 
generated from said second control signal generator, 
25 thereby controlling the current flowing through said 
second light emitter; and 



a third switch for switching on said third 
light emitter based on the third control signal 
generated from said third control signal generator, 
thereby controlling the current flowing through said 
5 third light emitter. 

19. The portable electronic 

device as claimed in claim 18, wherein one of said 
first switch, said second switch and said third 
switch has a field effect transistor. 

10 20. The portable electronic 

device as claimed in claim 18, wherein one of said 
first control signal generator, said second control 
signal generator and said third control signal 
generator is a pulse width modulator. 

15 21. The portable electronic 

device as claimed in claim 18, wherein said 
controller assigns a first duty value to said first 
control signal generator, assigns a second duty 
value to said second control signal generator, and 

20 assigns a third duty value to said third control 
signal generator. 

22. The portable electronic 

device as claimed in claim 21, wherein a pulse width 
of the first control signal generated from said 

25 first control signal generator is based on the first 
duty value assigned by said controller, a pulse 



width of the second control signal generated from 
said second control signal generator is based on the 
second duty value assigned by said controller, and a 
pulse width of the third control signal generated 
from said third control signal generator is based on 
the third duty value assigned by said controller. 

23. The portable electronic 
device as claimed in claim 16, further comprising: 

a first resistor disposed between said power 
source and said first light emitter, for affecting 
the current flowing through said first light 
emitter; 

a second resistor disposed between said power 
source and said second light emitter, for affecting 
the current flowing through said second light 
emitter; and 

a third resistor disposed between said power 
source and said third light emitter, for affecting 
the current flowing through said third light 
emitter; 

wherein resistance values of said first 
resistor, said second resistor and said third 
resistor are substantially equal to a predetermined 
resistance value. 

24. The portable electronic 
device as claimed in claim 23, wherein a first 
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right-direction voltage drop across said first light 
emitter, a second right-direction voltage drop 
across said second light emitter and a third right- 
direction voltage drop across said third light 
5 emitter are substantially equal to a predetermined 
voltage value. 

25. The portable electronic 
device as claimed in claim 24, wherein said 
controller assigns a first duty value to said first 

10 control signal generator, assigns a second duty 

value to said second control signal generator, and 
assigns a third duty value to said third control 
signal generator. 

26. The portable electronic 

15 device as claimed in claim 25, wherein the voltage 
supplied from said power source is E, the 
predetermined resistance value is RO , the 
predetermined voltage value is VO , the first duty 
value is a, the second duty value is b, and the 

20 third duty value is c, and the predetermined current 
value I is: 

I = (a + b+ c) X (E - VO) / RO, wherein I, a, 
b, c, E, VO and RO are real numbers. 

27. The portable electronic 

25 device as claimed in claim 16, further comprising a 
converter disposed between said power source and 



said first light emitter, said second light emitter 
and said third light emitter, for adjusting the 
voltage supplied from said power source. 

28. The portable electronic 

5 device as claimed in claim 16, wherein the portable 
electronic device is a portable telephone. 

29. A method of controlling a 
display device, the method comprising: 

displaying an image on the display device, the 
10 image having a brightness; 

changing a color of the image displayed on the 
display device; and 

maintaining the brightness of the image at a 
predetermined value even if the color is changed. 
15 30. A method of controlling a 

display device, the display device having a 
plurality of light emitters, the method comprising: 

controlling current flowing through each of the 
light emitters individually, whereby an image with a 
20 desired color is displayed according to a light 
emitted from the light emitters; and 

maintaining a sum of currents flowing through 
the light emitters at a predetermined current value, 
thereby maintaining a brightness of the image at a 
25 predetermined brightness value. 

31. The method as claimed in 



claim 30, wherein at least one of the light emitters 
is a light emission diode. 

32. The method as claimed in 
claim 31, wherein the light emission diode emits one 

5 of red color light, green color light and blue color 
light . 

33. The method as claimed in 
claim 30, further comprising supplying voltage to 
the light emitters and changing the predetermined 

10 brightness value by changing the voltage supplied to 
the light emitters. 

34. A method of controlling a 
portable electronic device, said device having a 
first light emitter for emitting a first color 

15 light, a second light emitter for emitting a second 
color light which is deferent from the first color 
light, a third light emitter for emitting a third 
color light which is deferent from the first color 
light and the second color light, whereby images 

20 with a forth color are adapted to be displayed in 
cooperation with the first light emitter and the 
second light emitter, a power source for supplying 
voltage to the first light emitter, the second light 
emitter and the third light emitter, a controller 

25 for individually controlling currents flowing 

through the first light emitter, the second light 



emitter and the third light emitter, the method 
comprising : 

changing the forth color by controlling the 
current flowing through at least one of the first 
5 light emitter, the second light emitter and the 
third light emitter; and 

maintaining a sum of the currents flowing 
through the first light emitter, the second light 
emitter and the third light emitter at a 
10 predetermined current value. 



ABSTRACT 

Current flowing through a plurality of light 
emission diodes is individually controlled, thereby 
an image with a desired color is displayed according 
5 to color lights emitted from the light emission 

diodes. A sum of current flowing through the light 
emission diodes is maintained at a predetermined 
current, thereby brightness of the image is 
maintained at a predetermined brightness. 
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As a below named inventor, I hereby declare that: 



My residence, post office address and citizenship are as 
stated below' next to my name, 



I believe I am the original, first and sole inventor (if only 
one name is listed below) or an original, first and joint 
inventor (if plural names are listed below) of the subject 
matter which is claimed and for which a patent is sought on 
the invention entitled 



DISPLAY DEVICE, PORTABLE ELECTRONIC 



DEVICE AND METHOD OF CONTROLLING DISPLAY 
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the specification of which 
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is attached hereto. 



□ was filed on _ 



Application Serial No. _ 
and was amended on _ 



I hereby state that I have reviewed and understand the 
contents of the above-identified specification, including the 
claims, as amended by any amendment referred to above. 



I acknowledge the duty to disclose information which is 
material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations. 
§1. 56(a). 



Page 1 of 3 



Japanese Language Declaration 



Prior foreign applications 



(Number) 
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(Country) 



1 hereby claim foreign priority benefits under Title 35, 
United States Code §119, §172 or §365 of any foreign 
application(s) for patent or inventor's certificate listed below 
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patent or inventor's certificate having a filing date before 
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I hereby claim the benefit of Title 35, United States Code, 
§120 of any United States application(s) listed below and, 
insofar as the subject matter of each of the claims of this 
application is not disclosed in the prior United States 
application in the manner provided by the first paragraph of 
Title 35, United States Code, §112, I acknowledge the duty 
to disclose any material information as defined in Title 37, 
Code of Federal Regulations, §1. 56(a) which occurred 
between the filing date of the prior application and the 
national or POT international filing date of this application: 



(Application Serial No.) 



(Filing Date) 



(Status) 

(patended, pending abandoned) 



(Application Serial No.) 



(Filing Date) 
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I hereby declare that all statements made herein of my own 
Itnowledge are true; and further that all statements were 
made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or 
both, under Section 1001 of Title 18 of the United States 
Code and that such willful false statements may jeopardize 
the validity of the application or any patent issuing thereon. 
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Wooti^^r^lfi^tf ^«-*!"U-CfT 9 c i ■SrSfi'f -5 > prosecute this application and transact all business in the 
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name and reaistration number) 

I hereby appoint John H. Mion, Reg. No. 18,879; Donald E. Zinn, Reg. No. 19,046; Thomas J. Macpeak, Reg. No. 19,292; 
Robert J. Seas, Jr., Reg. No. 21,092; Darryl Mexic, Reg. No. 23,063; Robert V. Sloan, Reg. No. 22,775; Peter D. Olexy, Reg'. 
No. 24,513; J. Frank Osha, Reg. No. 24,625; Waddell A. Biggart, Reg. No. 24,861; Robert G. McMorrow, Reg. No. 19,093; 
Louis Gubinsky, Reg. No. 24,835; Neil 8. Siegel, Reg. No. 25,200; David J, Cashing, Reg. No. 28,703; John R. Inge, Reg. No! 
26,916; Joseph J. Ruch, Jr., Reg. No. 26,577; Sheldon I. Landsman, Reg. No. 25,430; Richard C. Turner, Reg. No. 29,710; 
Howard L. Bernstein, Reg. No. 25,665; Alan J. Kasper, Reg. No. 25,426; Kenneth J. Burchflel, Reg. No. 31,333; Gordon Kit! 
Reg. No. 30,764; Susan J. Mack, Reg. No. 30,951 ; Frank L. Bernstein, Reg. No. 31 ,484; Mark Boland, Reg. No. 32, 1 97; William 
H. Mandir, Reg. No. 32,1 56; Scott M. Daniels, Reg. No. 32,562; Brian W. Hannon, Reg. No. 32,778; Abraham J. Rosner, Reg. 
No. 33,276; Bruce E. Kramer, Reg. No. 33,725; Paul F. Neils, Reg. No. 33,102'; and Brett S. Sylvester, Reg. No. 32,765, my 
attorneys to prosecute this application and to transact all business in the Patent and Trademark Office connected therewith, and 
request that ail correspondence about the application be addressed to SUGHRUE, MION, ZINN, MACPEAK & SEAS, PLLC, 21 00 

Pennsylvania Avenue, N.W., Washington, D.C. 200 37-3202. ' 
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